Immune-mediated thrombocytopenia and neutropenia are not uncommon problems in the newborn period. Such cytopenias have been associated with increased levels of IgG, IgM, or both, in the serum, documented by indirect assay, and/or on the cell surface, documented by direct assay, and decreased cell survival. However, interpretation of measurement of platelet-or neutrophil-associated antibodies is problematic due to the lack of data from healthy neonates. In this study, both direct and indirect neutrophil-and platelet-associated IgG and IgM were measured in cord samples from 44 healthy, term neonates. These infants had increased amounts of direct platelet-associated IgG and direct neutrophil-associated IgM and IgG compared with adult controls. Serum samples from these healthy newborns manifested a significantly decreased level of IgM binding to target platelets compared with serum from healthy adult controls. There Thrombocytopenia and neutropenia are not uncommon findings in neonates (1, 2) . Immune-mediated thrombocytopenia and neutropenia represent a significant etiology for these cytopenias (3, 4) . These immune-mediated cytopenias may be characterized as alloimmune or autoimmune and result from increased amounts of IgG bound to the cell surface (direct) andlor identified in the serum (indirect) resulting in increased cell turnover (3, 5, 6 ).
The laboratory evaluation of immune-mediated cytopenias depends upon the detection and quantitation of Ig against platelets and neutrophils compared with healthy controls (2, (4) (5) (6) . However, the paucity of normal values for healthy, term infants hampers the interpretation and limits the diagnostic was not a significant difference in direct platelet-associated IgM, or indirect Ig to neutrophils or platelets. Complete blood counts drawn at 24 h of age were within normal limits in 34/35 infants studied. Moreover, there was not a statistical difference in platelet or neutrophil Ig studies between the newborns of multiparous and primigravida mothers. The physiologic consequences of the increased amounts of these Ig to the survival and function of platelets and neutrophils in neonates is unclear. However, these values must be considered for proper interpretation of platelet and neutrophil Ig measurements in newborns with cytopenias. 
METHODS

Study population.
Cord blood was drawn from the placentas of 44 healthy, term infants born by vaginal delivery or by elective cesarean section to healthy mothers at the University of Colorado Health Sciences Center. Informed consent was obtained from the parents in accordance with guidelines approved by the Combined Internal Review Board, University of Colorado School of Medicine, to have the parents complete a detailed questionnaire and to draw a complete blood count on the newborns at 24 h of life at the time of routine neonatal screening. As additional controls, samples from nine women in the third trimester of pregnancy were also evaluated for the presence of direct and indirect platelet Ig. Isolation of platelets and neutrophils. Citrated whole blood was collected from the placentas of healthy, term neonates within ten minutes after delivery and from healthy adult controls. Platelets were isolated by standard techniques and resuspended in at a concentration of 4 X lo7 platelets1mL. Neutrophils were isolated as reported previously and resuspended at a concentration of 2.25 X lo6 neutrophils1mL (7) .
Platelet-associated Zg. Standards for IgG and IgM were prepared by adding 100 p L of varying dilutions of purified IgG and IgM in buffer containing 15 mM Na2C03, 35 mM NaHCO,, and 0.02% NaN,, pH 9.6, to triplicate wells of Nunc Maxisorb microtiter plates and incubated at room temperature for 60 min. In preliminary experiments, radiolabeled (I3l1) IgG and IgM were used to determine the extent of binding of the standards to the microtiter wells. Results from these experiments were used subsequently to calibrate standard curves in routine assays. After the plates were washed once, 2 X lo6 control and subject platelets (50 pL) were added to separate wells along with 100 p L of 8% glutaraldehyde, and the plates were centrifuged at 1565 X g for 15 min. All wells were washed three times in PBS with 0.05% Tween 20 (PBSTween) and blotted and 250 p L of PBS-Tween with 0.2% gelatin (PTG) was added to all wells. The plates were incubated for 15 rnin at room temperature, the fluid decanted, the wells blotted, and 100 p L of horseradish peroxidase conjugated anti-IgG and anti-IgM (1120,000 dilution in PBS-Tween-gelatin) was added to the wells. The plates were incubated for 45 rnin at 37"C, then washed three times with PBS-tween, and blotted. Substrate for the peroxidase (100 p L of 7.5 mM o-phenylenediamine and 0.48% H,O, in 55 mM sodium phosphate, 23 mM sodium citrate, pH 4.8) was added to each well, and the mixtures were incubated for 25 rnin at room temperature in a darkened room. To stop the reaction, 100 p L of 0.2 M H2S04 was added to each well and the plates were read at 490 nm of light in an ELISA reader purchased from Molecular Devices (Menlo Park, CA). Quantitation of IgM and IgG was completed by interpolation from a standard Ig curve. The data were expressed as nanograms of IgG or IgM per p g of total platelet protein, measured on a separate 50-pL aliquot of platelets by a modified Lowry procedure on each patient or control sample (8) . Control values for each plate were calculated as the mean of results from four healthy adults run concurrently with subject samples.
Serum bindable platelet Zg. Serum from healthy neonates or a pool of serum made with samples from healthy adults, determined to be in the normal range by previous indirect assay, was incubated for 45 rnin at 37°C with target platelets made from a pool of four healthy, type 0 , adult blood donors. Platelets were isolated from platelet-rich plasma as noted above, washed five times in PBS-EGTA, and resuspended to 7.5 X 1 0 8 / m~. To one volume of cells, one-third volume of 8% paraformaldehyde was added, and the mixture was incubated at room temperature for 5 min and centrifuged at 1250 X g for 15 min. The platelet samples were resuspended in PBS-EGTA, pooled in 200-mL conical tubes, and centrifuged at 1250 X g for 15 min. The pooled platelets were resuspended in PBSTween at a concentration of 7.5 X lo8 cells/mL. To complete the serum bindable test, 2 X lo6 pooled platelets were added to each well of a microtiter plate, and the plate was centrifuged as noted above. After three washes with PBS-EGTA, PTG solution was added to each well, and the plate was incubated at room temperature for 15 min. After decanting and blotting the plates, 100 p L of serum from patients or a pool of normal adult controls was added to target cells in neat or 1/20 dilution. Each dilution was assayed in triplicate. Standard curves for IgG and IgM were plated as noted in the platelet-associated assay. After incubation of 45 min at 37"C, the remainder of the assay was completed as described above. Protein assays were not completed on target platelets, and quantitation was completed by interpolation from a standard curve for IgG and IgM with the results expressed as nanograms/well. Preliminary studies with 13'1-labeled target platelets determined that, although there was plate to plate variability of target platelets bound to the wells, there was no variability between wells within the same plate. Thus, serum bindable assays for IgG and IgM were always completed with controls on the same plate.
Neutrophil-associated Zg. PMN (2.25 X lo5) were added to the wells of a microtiter plate and fixed with 8% gluteraldehyde, and an ELISA was performed with affinity-purified goat anti-human IgG and IgM F(abt), fragments in the identical direct procedure to that described for platelets. Quantitation of IgG and IgM was completed by interpolation from a standard curve. Initial control studies were completed using neutrophils labeled with "'In and demonstrated that 9 9 0 % of neutrophils added to the microtiter plates were fixed to the wells. Therefore, the results were based upon the amount of Ig per the number of neutrophils plated and the results were expressed as femtograms1PMN.
Serum bindable neutrophil Zg. Serum from healthy, term neonates and from pools of healthy adult controls was incubated with target PMN (2.25 X lo5) from healthy adults. The target PMN from healthy adults were washed free of serum and fixed by the same technique noted for platelets, and the ELISA was completed as described above. Quantitation of IgG and IgM was determined from a standard curve, and the results were expressed as femtograms1PMN.
Statistical analysis. Numbers presented in tables are means + SEM for each measurement. The statistical differences (p < 0.05) of both the direct and indirect platelet-and neutrophilassociated Ig between healthy, term neonates and the adult controls were determined by using a paired analysis of variance.
RESULTS
Thirty-five of the 44 mothers completed the medical questionnaire. All of these mothers were in good health and not at risk for any pregnancy-related medical problems. Seven of these mothers were primigravida and 28 were multiparous. None of these mothers had any history of autoimmune diseases, gestational diabetes, hypertension, or preeclampsia. Moreover, in multiparous mothers, none cited problems with previous pregnancies including maternal or neonatal thrombocytopenia or neutropenia. Additionally, 13 of the healthy term infants in the study group were born via cesarean section and 22 by spontaneous or assisted vaginal delivery.
Platelet had increased platelet-and/or neutrophil-associated Ig. Furthermore, of the seven primigravida mothers, five infants had increased platelet-andlor neutrophil-associated Ig, whereas 26/28 healthy infants of multiparous mothers had increased platelet-and neutrophil-associated Ig. Thus, there was not a significant difference in the platelet-and neutrophil-associated IgG or IgM with respect to the parity of the mother or to the method of delivery.
The results of the CBC are shown in Table 1 . Thirty-five of the 44 infants had a CBC drawn after receiving parental consent; however, two of the specimens clotted. Thirty-three infants, 75% of the total study population, had a CBC completed. The mean absolute neutrophil count, 13 156 t 961 P M N /~~~, at 24 h of age was elevated compared with the normal range, of 7 000-13 000 P M~/ r n m~, for neonates born at 5000 feet of altitude (Table 1) (9, 10) . One of 33 infants tested had thrombocytopenia (104 000/p1). All of the other hematologic parameters of the study group were within the normal range for newborns at 24 h of age including the mean platelet volume (10) (11) (12) (13) (14) .
Initially, the study protocol allowed for the measurement of term infants only; however, due to the striking differences noted between infants and adult controls, we examined a 
DISCUSSION
Immune-mediated cytopenias in the newborn are predominantly the result of maternal alloimmunization to cell surface antigens that may be restricted to certain cell types or part of the HLA loci (5, 6) . Maternal alloimmunization to HLA antigens occurs in about 40% of pregnancies; however, alloimmunization to platelet-and neutrophil-specific antigens occurs less frequently (14, 15) . Neonatal immune-mediated thrombocytopenia has been reported to occur in 111000 to 115,000 live births and is due to alloimmunization to the HPA-1 locus in 80% of reported cases and to other platelet-specific alloantigens and HLA antigens in the remainder of newborns (5, (16) (17) (18) . Immune-mediated thrombocytopenia also occurs in infants born to preeclamptic mothers and may account for a significant amount of thrombocytopenia in these patients (19, 20) .
Neonatal immune-mediated neutropenia is associated with maternal alloimmunization against neutrophil specific antigens, especially NA1, NA2, NB1, and NB2, and has been reported to be as common as 11500 live births (2) . In published studies, the presence of neutrophil-associated Ig was not necessarily associated with decreased neutrophil counts, for only 6 of 29 infants born to mothers alloimmunized to granulocytespecific antigens demonstrated abnormal absolute neutrophil counts (6) . Autoimmune neonatal thrombocytopenia may be associated with maternal autoimmune disorders including systemic lupus erythematosus, immune thrombocytopenic purpura, hypothyroidism, lymphoproliferative disorders, or other autoimmune diseases in which IgG class autoantibodies cross the placenta and cause destruction of the infant's platelets (21) (22) (23) (24) . Neonatal neutropenia may also be associated with the passage of maternal autoantibodies across the placenta (4, 25) . The diagnosis of autoimmune neutropenia, also known as transitory neonatal neutropenia, is dependent upon the demonstration of maternal autoantibodies directed against antigens common to both mother and fetus resulting in destruction of neutrophils (21) (22) (23) (24) (25) (26) .
The results from this series of healthy, term newborns have demonstrated that levels of IgG associated with both platelets and neutrophils were increased compared with healthy, adult controls. There was also increased amounts of neutrophilassociated IgM compared with adult controls. Although statistically different from the levels in healthy adults, these increased levels of neutrophil-associated IgG and IgM would fall within the upper limits of the normal range for healthy adults (mean t 2 SD of the mean); whereas the levels of plateletassociated IgG is 3-fold that of adult controls and falls well outside the normal range. Despite the presence of these antibodies, only one infant was thrombocytopenic, and none was neutropenic. No infants in this study group had any bleeding manifestations or signs and symptoms of infection. No increase in serum bindable Ig to either neutrophils or platelets was detected; in fact, the serum bindable IgM in the serum from newborns binding to target platelets was significantly decreased with respect to adult controls. None of the abnormalities documented in this study appeared related to the parity of the mother or the method of delivery.
The presence of IgM on the surface of neutrophils in these healthy neonates is surprising for newborns have decreased levels of IgM in the serum compared with adults, 9 mg/dL (range 6-15) versus 76 mg1dL (range 37-154) (26) . Maternal IgM does not cross the placenta; therefore, this IgM is probably of fetal origin. Although the fetus and term infant are able to synthesize IgM, increased levels of IgM in the serum of newborn infants are thought to be predominantly due to intrauterine infections (27) . The interpretation of increased IgM associated with cells is less certain. Increased levels of neutrophil-associated IgM, both direct and indirect, with concomitant neutropenia has been noted during infancy, termed autoimmune neutropenia of infancy (28) . In this disorder, neutrophilspecific antigens are targets for autoantibody production (28) . There is an increase in IgG and IgM or both that may result in increased levels of membrane associated Ig, serum bindable Ig, or both (4, 28) . In comparison with the group reported here; however, these patients are neutropenic and usually older, an average age of 8 mo (28) . Moreover, in our series of neonates, the increased levels of IgM were statistically greater but may be considered in the normal range when compared with healthy adult controls (mean + 2 SD) (Fig. 2) . Although the clinical relevance of this neutrophil-associated IgM is unknown, it is important to document this increase for proper interpretation of measurements of neutrophil-associated Ig in neonates.
An interesting feature of this study relates to absolute neutrophil counts. The infants in our study exhibited increased absolute neutrophil counts similar to that documented by Carballo et al. (9) and Manro et al. (10) who demonstrated increased neutrophil counts in healthy, term infants born at 5000 feet of altitude compared with infants at or below 500 feet. The reason for this finding is not clear, but its existence has been demonstrated.
The results of our studies with platelets and neutrophils from term infants was unexpected. Preliminary evaluation of samples from primiparous and multiparous women unrelated to the newborn study group was completed to define whether the higher levels of platelet-associated IgG in term neonates may be due to increased levels of platelet-associated Ig in the mother during the third trimester of pregnancy. Over half of the women tested had positive cell-associated or serum bindable assays; thus, the increased amounts of direct platelet associated IgG may be of maternal origin. The nature of the immunoreactivity and its implications for turnover and function of platelets and neutrophils during the third trimester of pregnancy and in the newborn are undefined and beyond the scope of this study. However, the mean platelet volume of platelets from cord blood was within the normal range for age possibly indicating that there was not increased turnover of these cells. Further investigations are needed to expand and evaluate these observations including measurement of these Ig during the first year of life as well as documenting the source of the Ig, its specificity, and possible clinical implications. In addition, because there is no published data on the binding characteristics of platelets and neutrophils from cord blood in comparison to mature platelets and neutrophils, it would be important to ensure that no differences in binding characteristics between these cells exist. An increased propensity for nonspecific Ig binding on the surface of cells may have clinical implications. Mature neutrophils which are coated with Ig, autoantibodies in these cases, are reported to have a defect in chemotaxis (29) . Neonatal neutrophils also have a deficit in chemotaxis but other differences are known to exist in comparison to mature neutrophils including decreased numbers of CDl 1blCDl8 receptors, deficits in f-actin polymerization, decreased numbers of specific granules as well as others (7, 30, 31) . Therefore, a possible etiology for the observed chemotactic defect of neonatal neutrophils may be secondary to the presence of Ig on their surface; however, further study is required to delineate the chemotactic defects observed in neonatal neutrophils. Nevertheless, it is clear that neutrophils and platelets from newborn infants have increased amounts of Ig associated with them. This fact should be taken into account for the proper interpretation of measurements of cell-associated Ig completed on cells from the newborn and compared with results of samples from healthy adults.
